Emergency stoma surgery; Left-sided malignant colon obstruction; Self-expandable metallic stents; Transanal decompression tubes Summary Background/objective: Patients with left-sided malignant colorectal obstruction require emergency treatment. Emergency stoma surgery has traditionally been recommended, however many stomas became permanent, decreasing patient quality of life. Recently, selfexpandable metallic stents (SEMS) and transanal decompression tubes (TDT) have become widely used decompression methods to avoid stoma surgery. In this study, we evaluated: 1) the efficacy of SEMS compared with TDT and emergency surgery (ES) to avoid permanent stomas; and 2) the safety and success rate of each treatment. Methods: We retrospectively reviewed data from 56 patients who underwent SEMS, TDT, or emergency surgery for malignant left-sided colon obstruction. We compared the permanent stoma rate of each group, and assessed whether or not each treatment was an independent risk factor for permanent stomas. We compared morbidity and mortality for each treatment group (SEMS, TDT, ES), and the success rate of the decompression procedures (SEMS and TDT).
Summary Background/objective: Patients with left-sided malignant colorectal obstruction require emergency treatment. Emergency stoma surgery has traditionally been recommended, however many stomas became permanent, decreasing patient quality of life. Recently, selfexpandable metallic stents (SEMS) and transanal decompression tubes (TDT) have become widely used decompression methods to avoid stoma surgery. In this study, we evaluated: 1) the efficacy of SEMS compared with TDT and emergency surgery (ES) to avoid permanent stomas; and 2) the safety and success rate of each treatment. Methods: We retrospectively reviewed data from 56 patients who underwent SEMS, TDT, or emergency surgery for malignant left-sided colon obstruction. We compared the permanent stoma rate of each group, and assessed whether or not each treatment was an independent risk factor for permanent stomas. We compared morbidity and mortality for each treatment group (SEMS, TDT, ES), and the success rate of the decompression procedures (SEMS and TDT).
Results: The permanent stoma rates in the SEMS, TDT, and ES groups were 5.3%, 50.0%, and 56.0%, respectively. Emergency surgery (vs. SEMS) and TDT (vs. SEMS) were independent risk factors for permanent stomas, as was age ! 75 years. Operative morbidity, mortality, and hospital stay were not different between groups. The success rate of SEMS was significantly higher
Introduction
Colorectal cancer is complicated by large bowel obstruction in 7e29% of patients. 1e3 Patients with colorectal obstruction require emergency treatment and their prognosis is poor, because obstruction is most often a feature of advanced stage of disease. Patients with left-sided colorectal obstruction who undergo colonic anastomosis have a high risk for leakage due to the poor condition of the colon, which is often characterized by dilatation, lack of microperfusion, and edema. Staged surgery is traditionally recommended in these patients, including (1) emergency resection of the primary tumor and stoma creation in the proximal colon, followed by stoma closure as the second stage; or (2) creating a decompression stoma, followed by resection of the primary tumor and stoma closure. In some patients, stoma closure is performed as a third operation. Nevertheless, morbidity and mortality associated with emergency stoma surgery is high. 1 In addition, many patients are left with permanent stomas because they choose not to undergo stoma closure in order to avoid a secondary surgery. 4, 5 Permanent stomas have been shown to decrease quality of life. 6, 7 Parastomal hernias occur in 57% of patients 8 ; additional complications include foul smell and stool leakage, 8 as well as emotional and sexual function impairments. 9 The use of decompression procedures, including transanal decompression tubes (TDT) and self-expandable metallic stents (SEMS) have recently increased in popularity to avoid stoma surgery. In addition to decompression, SEMS allows for the evaluation of the patient's proximal colon; patients are also permitted food intake. However, due to its uncertain oncologic outcome, SEMS is not recommended by the European Society of Gastrointestinal Endoscopy (ESGE) guidelines. 10 In Japan, with the increase in the aging population, there is a concern that the number of elderly patients with malignant colorectral obstruction will increase, along with an increase in the permanent stoma rate and decrease in QOL, because elderly people tend to avoid secondary surgery for stoma closure. In this study, the primary endpoint was the efficacy of SEMS in avoiding permanent stomas. We compared the permanent stoma rate of patients treated with SEMS, TDT, and ES, and evaluated whether each treatment was an independent risk factor for permanent stomas. We also evaluated the operative mortality and morbidity of each group and the success rate of SEMS and TDT as secondary endpoints.
Methods
The ethics committee of Shonan Kamakura General Hospital approved this study and waived the requirement for informed consent; instead, patients were allowed to opt out of the study.
In this retrospective observational study, we reviewed the records of all patients who visited our institution for colonic obstruction due to left-sided colorectal cancer between April 2006 and May 2016. In all cases, intestinal obstruction was diagnosed based on clinical and radiological findings. The left side of the colon was defined as distal to the splenic flexure. All patients underwent a decompression procedure (SEMS or TDT) or emergency surgery within 24 h after their visit.
Patients with benign disease, right-sided colonic obstruction, rectal cancer, invasion from a non-colorectal malignancy, and partial obstruction that could be managed conservatively (nil per os and intravenous [IV] therapy) were excluded from the analysis. Cases undergoing palliative SEMS and those who underwent emergency surgery for decompression stoma with no intention for curative resection were also excluded. Until 2010, we have used TDT as far as possible. We performed emergency surgery if the endoscopist was not available. From 2010 onwards, we used SEMS for all cases, except for cases with surrounding abscess formation.
We collected and analyzed data pertaining to patients' demographics, tumor site, longest and shortest diameters, preoperative carcinoembryonic antigen and carbohydrate antigen 19-9 levels, tumor/node/metastasis (TNM) stage, decompression procedure, presence of a permanent stoma, post-operative mortality and morbidity, and length of hospital stay. Patients were divided into three groups: SEMS, TDT, and emergency surgery. The frequency of permanent stomas, post-operative morbidity and mortality, and length of hospital stay were evaluated for each group. The success rate of the decompression procedures was also compared. Technical success was defined as safe placement. Clinical success was defined as successful decompression, and changing the reason for surgical intervention from emergency to elective. Multiple hospitalizations in the same patient were counted as one episode. Mortality was defined as death within 30 days after the procedure or surgery.
bowel drainage tube, Create medic Co., Ltd, Yokohama, Japan) were placed by physicians in our gastroenterology center. Colonoscopies were performed under IV sedation. Bowel preparation was not performed, and antibiotics were not administered.
For TDT, a colonoscope was advanced to the primary tumor site. The physician passed the catheter with a guidewire through the stenotic lesion using fluoroscopy and water-soluble contrast. The scope was then removed and the TDT inserted through the catheter.
For SEMS, a colonoscope was inserted at the tumor site. The physician passed a guidewire through the tumor using fluoroscopy and water-soluble contrast. The stent delivery system was then carried over the wire and through the scope. The metallic stent was deployed without balloon dilatation.
Statistics
All statistical analyses were performed using EZR (Saitama Medical Center, Jichi Medical University, Japan, version 1.32), which is a graphical interface for R (The R Foundation for Statistical Computing, version 3.2.2). A multivariate analysis was used to verify the efficacy of the decompression procedure for avoiding permanent stomas. For categorical variables, we calculated proportions and frequencies, and used Fisher's exact test for comparing proportions. For continuous variables, we calculated descriptive statistics, including the number of patients, mean and standard deviation, minimum, median, and maximum. One-way analysis of variance was used to compare means. Logistic regression was used for exploratory factor analysis and adjusting for confounding factors. Odds ratios (ORs) and 95% confidence intervals (CI) were calculated and compared. A two-tailed P-value of 0.05 was considered statistically significant; a value of 0.15 was used for exploratory factor analysis in univariate and multivariate analyses.
Results
Fifty-five patients (28 men and 28 women) with a mean age of 70.2 AE 11.5 years were included in the study ( Table 1) . The most common location of tumor was in the sigmoid colon (71.4%, n Z 40), followed by descending colon (16.1%, n Z 9), and splenic flexure (12.5%, n Z 7). TNM staging was II in 46.4% (n Z 26) of the patients, III in 35.7% (n Z 20), and IV in 17.9% (n Z 10). Patients were divided into three groups (Table 2) : SEMS (n Z 19), TDT (n Z 12), and emergency surgery (n Z 25). The rates of permanent stoma were 5.3% in SEMS, 50.0% in TDT, 56.0% in ES (P < 0.001). Age (P Z 0.41), sex (P Z 0.41), shortest (P Z 0.31) diameters, preoperative carcinoembryonic antigen (P Z 0.94) and carbohydrate antigen 19-9 (P Z 0.62), underlying disease, TNM stage (P Z 0.54), and tumor location (P Z 0.28) were not different between groups; however, the longest diameter varied between the three groups (P Z 0.048).
When evaluating the risk for permanent stomas using the univariate analysis, we found that age (S75 years), cardiovascular disease, central nervous system disease, and the modality of first choice (SEMS, TDT, or emergency surgery) were associated with permanent stomas (Table 3) . Based on the multivariate analysis, TDT (OR, 23.4; 95% CI, 1.73e317), emergency surgery (OR, 62.8; 95% CI, 4.15e950), and age S75 years (OR, 13.9; 95% CI, 1.99e97.7) were independent risk factors for permanent stomas ( Table 4) .
The outcome of patients in each group is presented in Table 5 . The technical success rate of SEMS was significantly higher than that of TDT (94.7% vs. 58.3%, respectively, P Z 0.015) as was clinical success rate (89.4% vs. 47.4%, P < 0.01). No differences were observed in the length of hospital stay (SEMS 37.7 days, TDT 24.3 days, vs. emergency surgery 45.4 days; P Z 0.06), mortality (SEMS 10.5%, TDT 8.3%, vs. emergency surgery 8.0%; P Z 0.97), or morbidity (SEMS 47.3%, TDT 50.0%, vs. emergency surgery 52.0%; P Z 0.95). Two anastomosis leakages were observed in the SEMS group, but they were controlled with conservative therapy. Two stump leakages were seen after creating stomas in the ES group which also recovered with conservative therapy.
In the SEMS group, 17 patients underwent elective surgery (tumor resection and anastomosis) after SEMS without temporary or permanent stoma formation (Fig. 1) . Two patients died in the SEMS group; One patient died in the hospital after undergoing emergency proximal colostomy for perforation, and the other sustained cardiopulmonary arrest at home after discharge with successful stenting but before the elective surgery. The cause of death was unknown in the latter patient, with no evidence of perforation on computed tomography imaging taken at autopsy.
In the TDT group, all five clinical successful cases had tumor resection with successful anastomoses (Fig. 2) . Causes for failure included incomplete procedure (71.4%, 5/7), decompression failure (14.3%, 1/7), and dislocation (14.3%, 1/7). All patients with a failed procedure underwent emergency stoma surgery. One (8.3%, 1/12) death occurred during hospitalization in this group.
Emergency surgery was performed in 25 patients (Fig. 3) . Twenty-two (88.0%) patients underwent tumor resection and stoma formation, and 3 (12.0%) patients underwent decompression stoma followed by tumor resection. In this group, 44.0% (11/25) of the cases underwent stoma closure and 56.0% (14/25) had permanent stomas. Two (8.0%) of the 25 patients died during hospitalization. 
Discussion
Patients with colonic obstruction require emergency treatment. Emergency right hemi-colectomy or extended right hemi-colectomy is indicated in patients with right-sided colonic cancer, while staged surgeries have traditionally been performed in those with leftsided colorectal obstruction. The latter cases generally undergo a Hartmann's procedure followed by stoma closure, or creation of the decompression stoma followed by tumor resection and stoma closure, to decrease their risk for anastomotic leakage. Many stomas become permanent in patients with left-sided colorectal obstruction. In our study, 56.0% of patients in the emergency surgery group did not undergo stoma closure, because of recurrence or progression (35.7%, 5/ 14), advanced age or high risk (28.6%, 4/14), death (14.3%, 2/14), patient's decision (7.1%, 1/14), and for unknown reasons (14.3%, 2/14). There was a difference in permanent stoma rate between age &75 and >75 years (100% [7/7] vs. 38.9% [7/18] , P Z 0.006) in the emergency surgery group. The multivariate analysis demonstrated that TDT and emergency surgery were independent risk factors for permanent stoma. These data suggest that preoperative decompression with SEMS is the most effective treatment to avoid permanent stomas.
Age ! 75 years was also an independent risk factor for permanent stomas. Advanced age was considered a risk factor for stoma closure reoperation, Tejero et al 11 reported that stomas can be avoided by using endoscopic stenting for temporary decompression pre-operatively. Several authors later reported that SEMS decreases morbidity and mortality compared with emergency surgeries, 12, 13 at which point SEMS began to be used widely as a bridge to surgery. SEMS has the advantage of avoiding stomas, stabilizing patients' general condition, as well as allowing for the investigation of the preoperative stage, evaluation of the risk for underlying disease, patient oral intake, and surveillance of proximal colon.
Although SEMS is widely accepted as a palliative therapy and bridge to surgery, the ESGE guidelines do not recommend it as a bridge to surgery, because it does not reduce postoperative mortality and may adversely affect risk of recurrence post-intervention. ESGE guidelines recommend that SEMS be considered as an alternative option in patients >70 years and/or in those with an American Society of Anesthesiologists score SIII.
10
In our institution, we have been performing SEMS in patients with malignant left-sided colon obstruction as a bridge to surgery since 2010. All successful cases underwent tumor resection and anastomosis. Two cases developed anastomotic leakage that were managed conservatively. One patient died after emergency decompression stoma because of perforation during the stent procedure. Another patient was discharged before the elective operation and died due to unknown causes after being discharged postsuccessful decompression. These results are similar to previously published data indicating that SEMS is effective, but has a relatively high mortality rate (0e9.2%).
14,15 SEMSrelated mortality is acceptable because the mortality rate of patients undergoing emergency surgeries is approximately 10%. 1 In our study, we observed a mortality rate of 8.0% in patients undergoing emergency surgery, without any differences between those undergoing SEMS or TDT.
Using TDT before an elective surgery is controversial. Tanaka et al 16 stated that TDT can be a bridge to an elective surgery and avoiding stoma. Moroi et al 17 reported that the success rate for TDT is lower (71.4%) than that for SEMS (100%); however, Arimoto et al 18 reported similar success and complication rates of SEMS and TDT. In our institution, we performed TDT in patients with malignant left-sided colorectal obstruction when endoscopists were available, until SEMS was introduced in 2010. Though the tumor size of the TDT group was smaller than that of the SEMS group, we had a low success rate for TDT (technical success, 58.3%; clinical success, 47.4%), which may have been due to the endoscopists' skill.
Compared with TDT, SEMS has the advantage of not needing irrigation, no discomfort or pain, no foul odor, allowance of oral intake, and evaluation of the proximal colon. However, TDT is a better option for lower rectal cancer, since SEMS is not suitable because of irritation. Zhang et al 19 argued that although TDT has a similar safety profile to SEMS, TDT is recommended because of its lower cost.
Several reports have recently demonstrated that SEMS has no advantages over emergency surgery because of a similar complication rates; interestingly, some studies have even reported a higher success rate of emergency surgery. 20e22 The long-term outcome of SEMS is controversial. Researchers have reported that patients who undergo SEMS have a poor prognosis, 23 high recurrence rate among patients who suffered a perforation during SEMS, 24 and similar prognosis compared with those who undergo other modalities. 25e27 Therefore, further studies are warranted to evaluate the long-term outcomes following SEMS. This study is limited by its small sample size and singlecenter retrospective design. Further randomized controlled trials, including cost-effectiveness analyses and long-term studies, are warranted. The proper indication for each procedure (SEMS, TDT, and emergency surgery) should be clarified.
In conclusion, this study demonstrated that, compared to TDT and emergency surgery, SEMS is effective for avoiding permanent stomas, but the complication rate is relatively high. TDT is also effective if the procedure succeeds, but its success rate was low. Each modality (SEMS, TDT, and emergency surgery) has its advantages and disadvantages; thus, further studies are needed to clarify the indication for each modality.
